In this paper, we point out that the Coulomb's force and gravitational force on a particle always act in the direction perpendicular to the 4-vector velocity of the particle in 4-dimensional space-time, rather than along the line joining a couple of particles. This inference is obviously supported from the fact that the magnitude of the 4-vector velocity is kept constant.This perpendicular relation that brings out many new aspects for the Coulomb's force and gravitational force is discussed in detail.
Introduction
In the world, almost every young people was educated to know that the Coulomb's force and gravitational force act along the line joining a couple of particles, but these statements are incorrect in the relativity theory.
In an inertial Cartesian coordinate system S : (x 1 , x 2 , x 3 , x 4 = ict), the 4-vector velocity u of a particle has components (u µ , µ = 1, 2, 3, 4 ) defined as that in the relativity theory [1] , the magnitude of the 4-vector velocity u is given by
where since the Cartesian coordinate system S is a frame of reference whose axes are orthogonal to one another, there is no distinction between covariant and contravariant components, only subscripts need be used. Here and below, summation over twice repeated indices is implied in all case, Greek indices will take on the values 1,2,3,4.
The above equation is valid so that any force can never change u in the magnitude but can change u in the direction. We therefore conclude that the Coulomb's force and * E-mail: hycui@public.fhnet.cn.net gravitational force on a particle always act in the direction orthogonal to the 4-vector velocity of the particle in the 4-dimensional space-time, rather than along the line joining a couple of particles. Alternatively, any 4-vector force f satisfy the following perpendicular or orthogonal relation
In present paper, Eq.(2) has been elevated to an essential requirement for definition of force, which brings out many new aspects for the Coulomb's force and gravitational force.
The Coulomb's Force and
Maxwell's Equations
The Coulomb's Force and Lorentz Force
Suppose there are two charged particle q and q ′ locating at positions x and x ′ in the Cartesian coordinate system S and moving at 4-vector velocities u and u ′ respectively, as shown in Fig.1 , where we use X to denote x ′ − x. Two characters for the Coulomb's force must be considered. The first, according to experiments, the action of the force propagates from the source to the target with the speed of light, there is a retardation effect, so that the Coulomb's force f on q can only happen at time t = t ′ + (r/c) , where r is the spatial distance of the two particles. The second, the Coulomb's force f is perpendicular (orthogonal) to the velocity direction of q, as illustrated in Fig.1 . Like a centripetal force, the Coulomb's force f should make an attempt to rotate itself about its path center, and rotates itself towards the direction that is perpendicular (orthogonal) to the 4-vector velocity u ′ , to meet requirement that the Coulomb's law remains valid when the particles both are at rest in 3-dimensional space, so the force f should lie in the plane of u ′ and X, then
Where A and B are unknown coefficients. Using the relation f ⊥ u
we rewrite Eq.(3) as
It follows from the direction of Eq.(5) that the unit vector of the Coulomb's force direction is given by
because
Where α refers to the angle between u and R, R ⊥ u ′ , r = |R|, u = u/ic, u ′ = u ′ /ic, R = R/r. Suppose that the magnitude of the force f has the classical form
Combination of Eq.(9) with (6), we obtain a modified Coulomb's force
This force is in the form of the Lorentz force, relating with the Ampere's law and Biot-Savart-Laplace law.
The Lienard-Wiechert Potential
It is follows from Eq.(10) that the force can be rewritten in terns of 4-vector components as
Figure 1: The Coulomb's force acting on q is perpendicular to the 4-vector velocity u of q, and lies in the plane of u ′ and X with the retardation with respect to q ′ .
Where we have used the relations
The Eq.(15) represents the retardation relation as illustrated in Fiq.1. Obviously, Eq.(13) is known as the Lienard-Wiechert potential for a moving particle.
The Lorentz Gauge Condition
From Eq.(13), we have
It is known as the Lorentz gauge condition.
The Maxwell's Equations
To note that R has three degrees of freedom on the condition R ⊥ u ′ , so we have
From Eq.(12), we have
where we define
, by exchanging the Indices and taking the summation of them, we have
The Eq. (19) and (20) are known as the Maxwell's equations. For continuous media, they are valid as well as. The above formalism clearly shows that the Maxwell's equations can be derived from the classical Coulomb's force and the perpendicular relation of force and velocity. In other words, the perpendicular relation is hidden in the Maxwell's equation. Specially, Eq. (5) directly accounts for the geometrical meanings of curl of vector potential, the curl contains the perpendicular relation.
The Gravitational Force and Others
The above formalism has a significance on guiding how to develope the gravity theory. In analogy with the modified Coulomb's force of Eq.(10), we directly suggest a modified universal gravitational force as
for a couple of particles with masses m and m ′ respectively.
Comparing with the statements about the Coulomb's force and gravitational force in most textbooks, the perpendicular (orthogonal) relation of force and velocity is called here as direction adaptation nature of force. Further, We can arrive at an important result: based on the direction adaptation nature of force, the Schrodinger equation can be derived from the relativistic Newton's second law on non-relativistic condition, i.e., the nature establishes a relationship with the quantum mechanics. The topic is so grave to the physics that it will be discussed in elsewhere [5] [6] [7] . We give an example here, since the modified Coulomb's force has not a fixed center, no center implies no vibration or no radiation, thus the electron of hydrogen atom will never spiral into the nucleus duo to the loss of energy by radiation.
The Magnet-like Components of the Gravitational Force
We emphasize that the direction adaptation nature of force must be valid if the gravitational force can be defined as a force. It follows from Eq.(21) that we can predict there are gravitational radiation and magnet-like components for the gravitational force. Particularly, the magnet-like components will act as a key role in the geophysics and atmosphere physics. If we have not any knowledge but know there is the universal gravitation − → f between two particles m and m ′ , m ′ is at rest at origin, what form will take the 4-vector gravitational force f ? Using u = ( − → u , u 4 ), u ′ = (0, 0, 0, ic) and u · f = 0, we have
where R ⊥ u ′ , R = ( − → R , 0). If we rotate our frame of reference to make m ′ not to be at rest, Eq.(23) will still valid because of covariance. Then we find the 4-vector gravitational force goes back to the form of Eq.(21), like the Lorentz force, having the magnet-like components.
The Gravitational Red Shift
We begin by discussing the motion of a single photon in the neighborhood of a massive body M . Since the mass of a particle can be eliminated in the both side of the relativistic Newton's second law for the gravitational force, a massless photon can move in the same way as the earth if they have the same initial condition. Likewise, since the gravitational force is perpendicular to the 4-vector velocity of the photon, the force acts like a centripetal force to deflect the velocity of the photon. As shown in Fig.2 , when the photon move from a point P to an infinite distance point P ′ about the massive body, the 4th axis of the reference frame fixed on the photon has rotated an angle θ after its travel, the frame S becomes S ′ from P to P ′ . Obviously, u 4 = ic cosh θ. If M is at rest, then from the relativistic Newton's second law and Eq.(21) we arrive at Figure 2 : A photon travels from P to an infinite distance point P ′ with a rotation of its 4-vector velocity in the gravitational field in 4-dimensional space-time. The rotation gives an influence on the observation of planet.
where r s = 2GM/c 2 called the Schwarzschild radius. On initial condition u 4 = ic at the point P , we obtain a solution
This gives the spectral shift for the photon, it is called the gravitational red shift [1] [2].
The Perihelion Advance of Planet
Instead of the photon, consider a planet m moving about the sun M with 4-vector velocity u = ( − → u , u 4 ), − → u = − → u r + − → u ϕ in a polar coordinate system (r, ϕ, ict). We assume the sun is at rest at the origin, u ′ = (0, 0, 0, ic), then from Eq.(21) the motion of the planet is governed by
From the above equations we obtain solutions
where ε and h are two integral constants, Eq.(29) agrees with the relation u 2 = −c 2 . For an observer S ′ at infinite distance from the sun, since the ray emitted from the planet has deflected with an angle θ before it arrives at the observer, as shown in Fig.2 , the polar coordinate system (ρ, φ, ict ′ ) embedded in the frame S ′ will differ from the system (r, ϕ, ict) of S with relations given by
Substituting the above equations into Eq. (29) and Eq.(30), we obtain
Defining U = 1/ρ, eliminating dτ , since r s /ρ is a very small quantity, we may neglect all but the first-order terms and obtain
Hence the perihelion advance of the particle observed by the frame S ′ is given by
For the planet ε ≃ 1, the perihelion advance is lower than the prediction of the general relativistic theory by about 8.3%, close to the experimentally observed values as well as [1] [2].
The Bending of Light
For the photon, Eq.(36) becomes
Then Eq.(37) becomes
So in its flight past the massive object M of radius R the photon is deflected through an angle
in agreement with observations [1] [2].
The Bending of Space
If there is not the nonlinear effect of photon flying, any straight line in the space-time is of the path of photon.
Since the light is bent in the 4-dimensional space-time for an infinite distance observer, we consequently conclude that the space will bend due to the gravitational effect mentioned above near a massive object.
The Lorentz Transformation
When a particle is accelerated from at rest to a speed v by a gravitational field or electromagnetic field Φ, the 4th axis of the frame S fixed at the particle will rotates an angle θ towards the direction of v, the frame S will become frame S ′ . From Eq.(24), the angle is given by.
where Φ is the potential difference between S and S ′ . If the two origins coincide at the time t = 0 after that acceleration for the two frames, then the coordinate transformations between them are
(44)
It is known as the Lorentz transformations. The transformations can be proved in a rigorous manner by the geometrical relation of dx and icdt in Minkowski's space.
Discussion
It is noted that the direction adaptation nature is valid for any force: strong, electromagnetic, weak and gravitational interactions, therefore there are many new aspects remaining for physics to explore.
Conclusion
In conclusion, it is pointed out that the gravitational force and Coulomb's force on a particle always act in the direction perpendicular to the 4-vector velocity of the particle in 4-dimensional space-time, rather than along the line joining a couple of particles. This inference is obviously supported from the fact that the magnitude of the 4-vector velocity is kept constant. This perpendicular relation is called as direction adaptation nature which brings out many new aspects for force. The Maxwell's equations can be derived from the classical Coulomb's force and the direction adaptation nature of force. Some gravitational effects can be explained in terms of the direction adaptation nature of gravitational force through analyzing photon flying. Further, we point out that the direction adaptation nature of force and velocity seems to have a relationship with the quantum mechanics.
